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Background: Autism is a neurodevelopment disorder with a strikingly higher prevalence in boys than girls. There
are many theories regarding this gender bias, and prenatal exposure to high levels of fetal testosterone (FT)may
be a predisposing factor. The second to fourth digit ratio (2D:4D) is the only indirect measure that reﬂects this
association postnatally. Thus, this study measured the lengths of the index ﬁnger (2D) and the ring ﬁnger (4D)
and calculated the 2D:4D ratio. Subsequently, this ratio was used to indirectly determine the potential prenatal
exposure to high levels of FT in autistic children.
Methods: This case–control study was conducted with 60 male children with 31 individuals having classic-onset
autism and 29 individuals serving as age-matched, healthy controls. The lengths of both the index (2D) and the
ring (4D) ﬁngers of the right hand of both autism and control groups were obtained using a scanner and the
2D:4D ratio was calculated.
Results: The 2D:4D ratio in the current studywas signiﬁcantly lower in boyswith autism compared to the controls
(p ≤ 0.001).
Conclusions: This study demonstrates a signiﬁcantly lower 2D:4D ratio in Saudi boys with autism, which indirectly
suggests that these boyswere exposed to high levels of prenatal FT. Accordingly, prenatal exposure to high levels
of FT is a risk factor for the development of autism, and the postnatal measurement of the 2D:4D ratio could be a
potential screening tool.© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Background
Autism spectrum disorders (ASDs) are a group of heterogeneous
neurodevelopmental disorders classiﬁed as pervasive developmental
disorders. Typically, ASDs are characterized by clinical manifestations of
delayed or abnormal language development, deﬁcits in social interac-
tions, repetitive behaviors and restricted interests [14].
ASDs occurmore frequently in boys than girls at a 4:1male to female
ratio [19]. Thismale gender bias has attractedmuch attention andmany
investigators have tried to identify the sex-linked or gender-speciﬁc
factors involved. Many theories have been raised regarding the patho-
physiology and causes of autism. One theory concerning the sex ratio
is the extreme male brain theory (EMB) of autism, an extension of the
empathizing systemizing theory (E–S), which associates autism with
prenatal exposure to high fetal testosterone [3]. Another theory is the
X-linked imprinting theory of autism, which proposes that males are
vulnerable to ASD because males have a single X chromosome [21]. In461, Saudi Arabia. Tel.: +966
land Ltd. This is an open access articladdition to themany theories regarding the pathophysiology of autism,
several other factors are involved in the pathophysiology of this disease,
including genetic, neural, immunological and biochemical factors.
Human studies have shown that prenatal exposure to high levels of
fetal testosterone result in the masculinization of the brain. This effect
was ﬁrst observed in girls with congenital adrenal hyperplasia (CAH),
which is a congenital condition associated with abnormally high levels
of testosterone. These girls showed autistic behavioral manifestations
[11], which suggests that autism results from prenatal exposure to high
levels of fetal testosterone. Moreover, based on behavioral measures of
the E/S theory of autism, Baron-Cohen et al, showed on a large dataset,
that both males and females with autism have masculinized brains [4].
Interestingly, femaleswith autism have steroidopathic proﬁles indicating
diagnosed or undiagnosed polycystic ovary syndrome,which is driven by
fetal and circulating testosterone and FSH levels (Pohl et al., 2014). In
consistence, the genetic implication of sex steroids in autism has been
reported [6].
The levels of androgens are not routinely assayed during pregnancy,
and directmeasures of fetal testosterone concentrations are not typically
available. Indirect measures have been used to examine the prenatal
androgen theory of autism to determine the consequences of fetal testos-
terone exposure.e under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Bar chart demonstrating the second to fourth digit ratio (2D:4D) in the autism and
control groups.
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(2D:4D) as an indirect proxy to prenatal androgen exposure based on
scientiﬁc observations. Moreover, Lutchmaya et al. [15] showed that
the 2D:4D ratio correlates positively with the FT/FE (fetal testoster-
one/fetal estradiol) ratio in amniotic ﬂuid. In the present study, we in-
vestigated the potential prenatal exposure to high levels of fetal
androgens in autistic Saudi boys by measuring the length of the index
(2D) and ring (4D) ﬁngers and calculating the 2D:4D ratio in children
with autism compared with healthy, age-matched controls.
2. Methods
2.1. Subject selection
We conducted a case–control study that included 60 male children.
In total, 31 individuals had classic onset autism, and 29 individuals
served as age and sex-matched, healthy controls. The ages of the partic-
ipants ranged from 3 to 8 years (mean± SD=5.59± 2.26 years). Boys
with autism were recruited from the Autism Research and Treatment
Center, College of Medicine, King Saud University, Riyadh, Saudi
Arabia. The diagnosis of autism was based on the DSM-IV criteria of
the American Psychiatric Association. Written consent was obtained
from the parents according to the guidelines of the Institutional Review
Board (IRB) of the College of Medicine, King Saud University, Riyadh,
Saudi Arabia. The IRB approved the studyprotocol, approval # E-10-341.
2.2. 2D:4D ratio determination
The lengths of both the index (2D) and ring (4D) ﬁngers of the right
hand in both the autism and control groups were obtained using a
scanner. Thus, all participants were asked to place their right hand,
ﬁngers together, on the surface of the scanner machine. The lengths of
the 2D and 4D were measured using a standard Vernier caliper from
the basal palmar crease of the ﬁnger to the tip. The lengths of each
participant's ﬁngers were measured twice, and the average was calcu-
lated. The 2D:4D ratio was computed for each pair ﬁngers on the right
hand.
2.3. Statistical analysis
The data were analyzed using SPSS Pc+ 18.0 version statistical soft-
ware. The normalitywas tested, and the datawere normally distributed.
A T-test (independent samples) was used to compare the means of the
2D:4D ratios between autism group and the control group.
3. Results
The 2D:4D ratio was signiﬁcantly lower in Saudi boys with autism,
with a mean of 0.91 ± 0.03, compared with the controls, who had a
mean of 0.96 ± 0.03; p ≤ 0.001 (Table 1, Fig. 1). The estimated effect
size of the case control differences is 0.83 (large).
4. Discussion
Androgens are particularly interesting in relation to autism, not only
because of the striking male to female ratio but also because of the
dramatic effect of steroids on brain development and behavior. The E–S
theory of autism supports the clinical presentation of this disease andTable 1
The second to fourth digit ratio in the control and autism groups.
Control Autism p-Value
2D:4D 0.96 ± 0.03 0.91 ± 0.03 0.001⁎
The data are presented as the means ± standard deviation.
⁎ p ≤ 0.05 considered statistically signiﬁcant.its strong association with the male gender. This theory suggests that
females have a stronger empathizing ability, which reﬂects an ability to
identifymental status and respondwith appropriate emotions. However,
systemizing, which is stronger in males, reﬂects a drive to analyze a sys-
tem in terms of the rules that govern the system [3]. A further extension
of the E–S theory of autism is the EMB theory proposed byHans Asperger
more than 60 years ago. The EMB theory is based on the E–S theory and
suggests that females are stronger in sympathizing and that males are
stronger in systemizing. Thus, autism can be considered an extreme
form of the normal male proﬁle [3]. This psychological difference results
from sex differences in the brain structure. Autistic children have an
altered brain anatomy. These individuals have a larger than average
head, containing an abnormally large brain. The cerebral cortex is
enlarged with more white matter than gray matter. Moreover, people
with autism show greater growth of the amygdala. These changes reﬂect
an exaggeration of normal, male brain growth. The autistic brain can be
described as a hypermasculinized brain, which is consistent with the
extreme male brain theory of autism ([20]; Lia at al., 2013).
Consistently, the Cambridge Fetal Testosterone project, an ongoing
longitudinal study, is the only study that directly tests the correlation be-
tween prenatal testosterone exposure and the development of behaviors
associated with autism. This study demonstrated an association between
fetal testosterone, measured in women subjected to amniocentesis, and
the development of autistic traits in their children [1,4].Moreover, this re-
lationship was observed in both boys and girls, which suggests that this
effect results from fetal testosterone rather than the sex of the child per
se. Although, the amniocentesis represents a direct method to determine
the prenatal exposure to high levels of FT, it is an invasive procedure that
is performed for high risk pregnancies only.
In the present study, the 2D:4D ratio was measured to investigate
the potential exposure of Saudi autistic children to high concentrations
of prenatal testosterone. The results showed a signiﬁcantly (p≤ 0.001)
lower ratio in autistic boys compared with the controls. This ﬁnding
is independent of age and IQ of the autism children (R = −0.037,
P = 0.84; R =−0.33, P = 0.055, respectively). This result suggests
that a low 2D:4D ratio is associated with an increased risk of autism.
This ﬁnding is consistent with several other studies showing a lower
ratio in British [16], Thai [18] and Slovak [12] autistic patients. A
lower 2D:4D ratio indicates that Saudi autistic children are exposed to
high levels of fetal testosterone. This relationship is substantiated by
increasing correlational evidence in both animal and human studies
[5,10]. Several theoretical observations might substantiate an associa-
tion between a lower 2D:4D ratio and increased fetal testosterone
levels. First, the ratio is sexually dimorphic, and males have a lower
ratio compared to females [2,9,17]. Second, the ratio is determined be-
fore birth, most likely by the 14th week of pregnancy, and this ratio is
not affected by subsequent testosterone concentrations or ﬂuctuations
[8,10,17]. Third, this ratio is potentially negatively correlated with
415F.S. Al-Zaid et al. / Early Human Development 91 (2015) 413–415testosterone and positively correlated with estradiol levels in adults
[17]. Fourth, the waist-to-hip ratio of the mothers, which is positively
correlated with testosterone and negatively correlated with estrogen
[7], is negatively associated with the 2D:4D ratio of their children.
Accordingly, women with a low waist-to-hip ratio have children with
a higher 2D:4D ratio, and these children experience lower testosterone
levels prenatally [17]. Overall, this ﬁnding implicates increased prenatal,
fetal testosterone levels in the pathophysiology of autism and suggests
that the 2D:4D could provide a potential early screening method for
autism.
5. Conclusions
This study demonstrates a signiﬁcantly lower 2D:4D ratio in Saudi
boys with autism, which indirectly suggests a prenatal exposure to high
levels of fetal testosterone. Accordingly, prenatal exposure to high levels
of FT is a risk factor for the development of autism. To determine the
validity of using the 2D:4D ratio as a screening tool for autism, a larger
prospective study is needed to measure the 2D:4D ratio in children
from birth to up to 5 years of age.
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